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EARTH IS ON a col li sion
course! Mi cro me teor ites
regu larly streak into the at -
mos phere caus ing lit tle more 
than a fiery flash. How ever,
larger near- Earth ob jects
(NEO) can have a more dra -

matic ef fect on the Earth. Re cently sci en tists
pre sented evi dence in which an as ter oid, at
least a mile in di ame ter, hit the ocean 35 mil -
lion years ago south east of what is now Wash -
ing ton, D.C., shap ing the Chesa peake Bay.1
To day such an im pact would cause dev as ta -
tion on a global scale. The miti ga tion of such
a natu ral dis as ter ne ces si tates an in ter na tional
plane tary de fense. This ar ti cle pro vides a back -
ground of the threat of NEO- Earth im pacts
and ad dresses plane tary de fense task ings and
De part ment of De fense (DOD) costs for the
next 20 years as part of an in ter na tional ef fort 
to de tect and learn more about NEOs.

Background
A NEO is a natu ral ob ject (as ter oid, short- 

or long- period comet, or a me teor stream) of 
any size that will come close to or cross
Earth’s or bit, or even im pact the Earth. In
the past 15 years, re search on NEOs has dra -
mati cally in creased as as trono mers and ge -
olo gists re al ize the Earth is noth ing more
than a bil liard ball in a cos mic pool game.
Our world was struck in the past and will be
struck in the fu ture.

Cra ters on Earth do not last long due to
weather and geo logi cal ero sion. Ge olo gists
have, how ever, pin pointed some very old cra -
ters. A NEO slammed into Que bec 214 mil -
lion years ago, leav ing a 100- kilometer- wide
scar known as the Mani coua gan Cra ter (fig.
1). In cen tral Aus tra lia 70 mil lion years later,
an other NEO cre ated a 22- kilometer- diameter 
cra ter (fig. 2). Evi dence sug gests the de mise
of the di no saurs oc curred 65 mil lion years
ago with the im pact of an as ter oid 10 kilo me -
ters in di ame ter. Named the K/T event, the as -
ter oid struck with the force of 100 mil lion
mega tons of TNT, cre at ing a cra ter 180 kilo -
me ters wide off the coast of the Yu ca tan Pen -
in sula in Mex ico. Even North Amer ica was
vis ited by a NEO nearly 50,000 years ago,
cre at ing Ari zo na’s Me teor Cra ter (fig. 3).2
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Fig ure 1. Mani coua gan Cra ter, Que bec



 To day there are 140 known im pact sites on 
the Earth with many hun dreds await ing veri fi -
ca tion.3 Fig ure 4 il lus trates the ma jor sites.

Earth, how ever, is not the only planet tor -
mented by or bital de bris. In July 1994, Ju pi -
ter was struck by Comet Shoemaker- Levy 9.
The comet passed too close to the gas gi ant,
break ing apart due to the im mense grav ity
and then scar ring the planet in sev eral lo ca -
tions shown in fig ure 5. If even one of the
kilometer- wide frag ments had hit the Earth,
the re sult would have been cata strophic,4 as
shown by the com puter model in fig ure 6.

Me teor streams oc cur when the Earth
passes through the or bital path of de bris left
be hind by com ets. The de bris can range in
size from a cen ti me ter to a mil li me ter in di -
ame ter. Though these streams pose no threat
to hu mans on the sur face, sat el lites and space 

sta tions may be im pacted, de grad ing their
so lar ar rays or dam ag ing op ti cal sen sors.5

Some NEOs nearly reach the Earth’s sur -
face. From 1975 to 1992, nu clear deto na tion
de tect ing sat el lites re corded 136 at mos pheric 
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Fig ure 2. Wolf Creek Cra ter, Aus tra lia Fig ure 3. Me teor Cra ter in Ari zona (Re printed with
per mis sion of Uni ver sity of Ari zona Press from
Tom Ge hrels, ed., Haz ards Due to Com ets and As -
ter oids [Tuc son: Uni ver sity of Ari zona Press, 1994], 
430.)

Fig ure 4. 140 Earth Im pact Sites (Re printed with
per mis sion of Uni ver sity of Ari zona Press from Tom 
Ge hrels, ed., Haz ards Due to Com ets and As ter oids
[Tuc son: Uni ver sity of Ari zona Press, 1994], 430.)

Fig ure 5. Im pact Scars on Ju pi ter



blasts in the megatons- of- TNT range.6 NEOs
can also cause dam age to the Earth with out
reach ing the sur face.7 In 1908, an as ter oid or 
comet ex ploded in the at mos phere near Tun -
guska, Si be ria. Though no cra ter formed, the 
shock wave from the ex plod ing body dev as -
tated 2,000 square kilo me ters of for est.8 If
this NEO had re en tered a few hours later, it
could have de stroyed Mos cow with a force
one thou sand times greater than the Hi -
roshima and Na gasaki atomic deto na tions.9 

In 1992, a bril liant as ter oid streaked
through the night sky in Peek skill, New
York, dur ing sev eral high school foot ball
games. This event was caught on a cam cor -
der at one of the games, and the as ter oid
dam aged a car.10 The Tun guska blast area is
twice as big as New York City and three
times as large as Wash ing ton, D.C.

Luck ily, not all NEO “near hits” cause
dam age, but they do il lus trate the fact the
Earth is not im mune to their de struc tive ef -
fects. Re corded on a video cam era in 1972, an 
as ter oid grazed Earth’s at mos phere near
Wyo ming’s Grand Te ton Moun tains and
skipped back out into space (fig. 7).

In 1989, as trono mers dis cov ered an as ter -
oid la beled 1989FC af ter its clos est ap proach
to Earth. This il lus trates a dis turb ing fact.
Cur rently only as trono mers on shoe string,
aca demic budg ets are try ing to lo cate and
track NEOs, mak ing es ti mates of NEO popu -
la tions very im pre cise. Through the end of
1992, 163 NEOs had been de tected and cata -
logued, rep re sent ing only 5 per cent of the
es ti mated 2,000 to 5,000 NEOs larger than
one kilo me ter.11 Sci en tists be lieve a Tun -
guska event will oc cur every cen tury and a
kilo ton (K/T) event every 25–26 mil lion
years based on the den sity of im pact cra ters
on the moon.12

Il lus trated in fig ure 8 is the equiva lent
yield in mega tons of TNT based on a NEO
with a den sity of 3 grams/cen ti me ters (CM3) 
and a ve loc ity of 20 kilo me ters per sec ond
(km/sec). The shaded area to the left rep re -
sents the NEO size that will burn up or ex -
plode in the at mos phere, though blast
ef fects like Tun guska still could pro duce
dam age to the sur face. Near the one-
 kilometer size, NEOs could pro duce global
con se quences, though there is some un cer -
tainty in the thresh old size re quired as
shown in the dashed ver ti cal lines.

Global dis as ters will re sult if a large
(1-km) NEO im pacts the Earth, per haps kill -
ing as much as 25 per cent of the hu man
popu la tion.13 This is largely due to the in di -
rect ef fect of the im pact. A land im pact pro -
duces fires and earth quakes, while an ocean
im pact pro duces tsu na mis meas ur ing sev eral 
hun dred me ters in height, and per haps even
hyper canes, which are run away hur ri canes
that in ject large amounts of sea wa ter and
aero sols into the at mos phere, caus ing ma jor
global cli mate changes.14 Both will have
blast ef fects flat ten ing nearby struc tures
with the pos si bil ity of a global win ter
emerg ing. Global win ters are when large
amounts of ash and dust en ter the at mos -
phere, block ing sun light from reach ing
pho to syn the siz ing plants. Crops will die
and world star va tion may re sult. Also,
world wide tem pera tures would plum met
for months, per haps years.15
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Fig ure 6. Simu la tion of Shoemaker- Levy 9’s pro -
jected im pact on Earth
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Fig ure 8. Av er age Im pact In ter val Ver sus Size (Re printed with per mis sion of Na ture Maga zine from Clark R.
Chap man and David C. Mor ri son, “Im pacts on the Earth by As ter oids and Com ets: As sess ing the Haz ard,”
Na ture 367 [6 Janu ary 1994]: 37.)

Fig ure 7. An as ter oid skips through the at mos phere, only one of many “near hits” re corded.



Sci en tists have com pared mass ex tinc -
tions with ma jor im pact cra ters found on
Earth and dis cov ered a strik ing com pari son
as seen in fig ure 9.16 The K/T event could
have be gun the de mise of the di no saur era.
The Mani coua gan Cra ter in Que bec may
have also helped to end the Tri as sic Era by
throw ing tons of sky- darkening dust into
the air.17

If a NEO im pacted the Earth to day, what
would the es ti mates of fa tali ties be? Should
we even be con cerned? Fig ure 10 por trays
pro jected fa tali ties per event. The dash line
rep re sents an ocean im pact while the solid
line por trays a land im pact.

In fig ure 10, we see the curved line rep re -
sent ing in creased fa tali ties with in creased
NEO size, yet the time scale on the left in di -
cates longer times be tween larger NEO as ter -
oid di ame ters. In other words, small NEOs
near 50 me ters in di ame ter im pact the Earth
much more fre quently than larger ones.
How ever, small NEOs could pro duce an other 
Tun guska blast. There fore, one needs to un -
der stand the prob abil ity of death by any size 
NEO. The rela tive prob abil ity of death by an 
as ter oid im pact is shown in ta ble 1.

How does one ar rive at a number of 1 in
25,000? Sci en tists es ti mate there are 500,000 

years per global dev as tat ing im pact, as
shown by the hori zon tal line in fig ure 10.
The prob abil ity of a strike in any one year is
1 in 500,000 as sum ing the strikes are com -
pletely at ran dom. As sum ing 25 per cent of
the world’s popu la tion could die as a re sult,
the risk of death is 1 in 4. Thus, in any one
year per per son, the risk of death is ap proxi -
mately 1 in 2,000,000. Over a 75- year life -
time, the risk is nearly one in 25,000.18

Please re al ize that the prob abil ity of a NEO
im pact ing the Earth and caus ing global dis -
as ters is very slim, yet the con se quences if
one did im pact would leave us with this es ti -
mated risk of death. Fur ther more, you are
proba bly won der ing when the last per son
was killed by a NEO. Re fer ring back to the
Tun guska blast, the ex pe di tion that re -
searched the blast found trees, rein deer,
teepees, and no madic ar ti facts partly in cin -
er ated.19 It is still un known if any one did
die.

By now you are think ing we’re pre dict ing 
that the sky is fal ling. We are not try ing to
scare the reader into spend ing bil lions of
dol lars to save the Earth. Rather, we ask for
money to be spent wisely on as sess ing the
threat, learn ing more about NEOs, and
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Fig ure 9. Mass Ex tinc tions in Geo logi cal Re cord (Re printed with per mis sion of Ple num Press from C.R.
Chap man and David C. Mor ri son, Cos mic Ca tas tro phes [New York: Ple num Press, 1989])



track ing and cata logu ing NEOs. No NEO is
cur rently pre dicted to hit the Earth. Yet
some day there will be one, as the prob abil -
ity is fi nite. So who will take a lead ing role?

The US gov ern ment, through the DOD, is
ob li gated to pro tect the lives and safety of
its citi zens.20 Fur ther, the US may use its

armed forces, un der the hi er ar chy of in ter -
ests, for cases of strict hu mani tar ian con -
cern.21 Thus, re spond ing to the NEO threat
could be seen to fall un der this pol icy.

In the past few years, sev eral dif fer ent or -
gani za tions in ad di tion to DOD be gan to as -
sess the NEO threat. As trono mers work ing at 
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Fig ure 10. Es ti mated Fa tali ties Per Event  (Re printed with per mis sion of Na ture Maga zine from Chap man and 
Mor ri son, “Im pacts on the Earth by As ter oids and Com ets: As sess ing the Haz ard,” Na ture 367 [6 Janu ary
1994]: 37).

Source : “Im pacts on the Earth by As ter oids and Com ets: As sess ing the Haz ard,” Na ture  367 (6 Janu ary 1994): 39

Ta ble 1
Prob abil ity of Death by an As ter oid



col leges have dis cov ered NEOs by sev eral
meth ods, such as by us ing tele scopes
equipped with cam eras to pho to graph small
sec tions of the sky at two dif fer ent times
nearly an hour apart. The as trono mers then
com pare the two pho tos to ob serve if any
smudge or streaks oc curred, thus rep re sent -
ing a NEO pass ing by the Earth. How ever, it
is very te di ous and time con sum ing to peer
at pho to graphs with a mi cro scope look ing
for such move ment. Fur ther more, if a streak
does ap pear, the as trono mers must first
check to see if the streak is not a sat el lite fly -
ing over head or a known as ter oid or comet.
An other method is to use charge- coupled de -
vices (CCD) de tec tor tele scopes.22  This
method util izes com put ers to ana lyze elec -
tronic pho to graphs for any streaks that oc -
cur that are not pre vi ously known, such as
sat el lites or NEOs that have not al ready been 
de tected. The CCD method is much quicker,
though more ex pen sive. Al to gether, this is
only a lim ited search due to the as trono -
mers’ re stricted aca demic budg ets.

In 1990, the Ameri can In sti tute of Aero -
nau tics and As tro nau tics (AIAA) is sued a po -
si tion pa per con cern ing the threat of NEOs
af ter Apollo as ter oid 1989FC made the clos -
est ap proach to the Earth ever de tected.23

Stimu lated by this AIAA pa per, Con gress rec -
og nized the im pact haz ard of NEOs and in
1991 asked the Na tional Aero nau tics and
Space Ad min istra tion (NASA) to con vene a
de tec tion and in ter cep tion work shop. The
Sub com mit tee on Space of the Com mit tee
on Sci ence, Space, and Tech nol ogy, US
House of Rep re sen ta tives, re ceived the sum -
ma ries and held hear ings on the threat of
large Earth- orbit- crossing as ter oids on 24
March 1993.24 Ironi cally, Shoemaker- Levy 9
was dis cov ered about this time. Due to the
im pend ing im pact on Ju pi ter, Con gress di -
rected NASA to de velop a pro gram and a
budget es ti mate for cata log ing NEOs in 10
years.25 NA SA’s re port en cour ages col labo ra -
tion of the in ter na tional com mu nity and
the US Air Force.26 How ever, Con gress only
asked NASA to give a cost es ti mate, and cur -
rently NASA has no plans to spend new
money on track ing NEOs.27

The mili tary has also writ ten about the
NEO threat. Air Uni ver si ty’s Space cast 2020
re ported on the Air For ce’s fu ture and
looked at the NEO threat in “Pre par ing for
Plane tary De fense.”28 Re search was con -
ducted at Air Com mand and Staff Col lege on 
the same topic.29 The chief of staff of the Air 
Force tasked Air Force Space Com mand to
ac com plish a mis sion area as sess ment for
de fense of Planet Earth, which should be
fin ished in fis cal year 1997.30 Thus, to date
there has been some at ten tion given to the
NEO threat. How ever, the authors be lieve in
or der to ac cu rately as sess the threat, we need 
to fol low sev eral task ings as elabo rated in
the next sec tion.

Taskings
A plane tary de fense should in clude eve ry -

thing that could miti gate a NEO- Earth col li -
sion. What does one need to know or do
be fore one can miti gate the dam ag ing ef -
fects of a NEO col li sion with the Earth?
Should any of these tasks be ac com plished
con cur rently? The fol low ing list of tasks an -
swers the pre vi ous two ques tions.

Co or di na tion is re quired to sys tem ati cally
cover the sky. Sev eral as trono mers from
around the world are sur vey ing the sky, al -
though not in a joint ef fort. Who will do
con fir ma tions and follow- up or bit de ter mi -
na tion? Can we use the Air For ce’s track ing
sys tems to help de tect NEOs?

De tec tion is re quired. What should be the
lim it ing NEO size de tected? How fast should 
this oc cur, within 10 or 20 years? The re -
quire ment for timely com ple tion of de tec -
tion af fects the de ci sion con cern ing sky
cov er age ver sus lim it ing NEO size and mag -
ni tude. What are the sources of NEOs?
Should we de tect pos si ble NEOs, ones that
are cur rently not near Earth’s or bit but that
might be come ones? Fur ther more, how of -
ten should we re check pre vi ously scanned
ar eas?

Sci ence cov ers the ma te rial char ac teri za -
tion of the ob ject. What does one need to
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know about the ob ject in or der to miti gate
any dam age ef fects? Can one simu late NEO
com po si tion on Earth and “test” these
NEOs? Can we de flect the or bital paths of
NEOs or is de stroy ing NEOs and suf fer ing
the rem nants im pact ing the Earth the only
op tion?

Ex plo ra tion  of NEOs may be a means to
com bine the re quire ment to ren dez vous
with a NEO for sci en tific study while pro vid -
ing the or bital dy nam ics know- how for de -
struc tion or de flec tion. Mis sions to NEOs
will prove help ful in plane tary de fense.

De struc tion and De flec tion may be the
only ways to pre vent dam age to the Earth.
Op era tion con cepts and op tions should be
planned and prac ticed be fore they are re -
quired to be used to avoid a ca tas tro phe.

Har vest ing is a spin- off of de flec tion.
Would Earth be lucky if an NEO was ap -
proach ing? Could a NEO be “cap tured” into 
Earth or bit and then mined to pro vide re -
sources in space?

Warn ing  of the “Big One” is only good if
the out come (global dev as ta tion) is avoid -
able. Warn ing of “small” NEOs may save
count less lives and pre vent de struc tion due
to tsu na mis, for est fires, and earth quakes.
Also, warn ing to pre pare for a me teor
stream may save valu able space as sets.

Cost
Cur rently plane tary de fense is not item -

ized in the DOD budget. As with any or gani -
za tion, pri ori ties set the budget. The
ap pre hen sion from those not in DOD may
be that any plane tary de fense could be just
an other ex cuse for an arms race since the
cold war is over. The re al ity from the con -
gres sional per spec tive is that the money for
any ef forts spe cifi cally item ized for plane -
tary de fense should come out of DOD’s cur -
rent budget.31

Given that the fund ing is from DOD, sup -
port should be given to those aca demic re -
search pro grams that are cur rently
con duct ing NEO de tec tion, re search, and
tech nol ogy de vel op ment and to the Air
Force Space Com mand, which has spent
over $100 mil lion on the tech nol ogy to im -
prove the cur rent space sur veil lance mis sion 
of the ground based electrical- optical deep
space sys tem (GEODSS). Space Com mand’s
re lent less ef forts of qual ity and con tinu ous
im prove ment should be lauded. Not only is
there an im prove ment in the ac cu racy of de -
tect ing man- made de bris in Earth or bit, but
also the en hanced track ing of NEOs for a
plane tary de fense is now fea si ble. Clearly,
the hu mani tar ian search for NEOs would be
a hall mark for ef forts to trans form mili tary
as sets into ci vil ian en deav ors. Fur ther more,
cur rent im prove ments in the GEODSS can
be util ized to im prove en vi ron ment,
weather, and re mote sens ing, as well as to
cre ate smaller, faster, more in tel li gent hard -
ware. How ever, track ing NEOs is not the
only so lu tion for pro tec tion. We need to
learn more about NEOs and be pre pared to
avoid a fu ture col li sion.

Over the next 20 years, NEO de tec tion,
ex plo ra tion, and ren dez vous mis sions need
to take place. In a re cent Air Com mand and
Staff Col lege study, Larry D. Bell and oth ers
pro vided an ex cel lent in- depth look at
search sys tems, their ad van tages and dis ad -
van tages, a sys tem ar chi tec ture, and cost.32
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Fig ure 11. Ex plo ra tion of a NEO in the Fu ture



De tec tion in cludes search ing for NEOs,
main tain ing a NEO cata log, es ti mat ing
popu la tions of NEOs, and re cur ring op era -
tions and sup port. Ex plo ra tion con sists of
de ter min ing the NEO ori gins, un der stand ing 
how their or bits change due to the plan ets
or col li sions, and re solv ing the com po si tion
and den sity of NEOs. Are they solid or rub -
ble ob jects or bit ing to gether? Fly bys or
ground- based re search will be the van -
guards. Mis sions like Gali leo, Clementine 1
and 2, NA SA’s near- Earth as ter oid ren dez -
vous (NEAR) sys tem, and use of the Are cibo
and Gold stone ra dar sys tems will in crease
our knowl edge of NEOs. Fi nally, ren dez vous
mis sions prac tice the meet ing of NEOs be -
yond the Earth’s or bit, test ing meth ods to
de flect or de stroy an NEO. These are the
prac tice, small- scale miti ga tion mis sions in
case we need to per turb or de stroy a NEO
months or even years be fore an Earth col li -
sion oc curs. The sci ence mis sions may re -
quire ob ser va tions from Earth or fly bys of
the tar get, whereas ren dez vous mis sions re -

quire the in ter cep tor to or bit the tar get
NEO. The bot tom line is that the es ti mated
cost for a plane tary de fense is near $14 mil -
lion per year for de tec tion, $23 mil lion per
year for ex plo ra tion, and $75 mil lion per
year for ren dez vous mis sions av er aged over
the next 20 years. Fig ure 12 re flects the
break down of the budget each year if we be -
gin to day. These es ti mated costs were fi nal -
ized with com ments from Mr Nick
Fuhr man, sci ence ad vi sor to the Com mit tee
on Sci ence, US House of Rep re sen ta tives,
and Dr. Bill Te de schi of the San dia Na tional
Labo ra tory.

A lim ited miti ga tion sys tem that would
cost ap proxi mately $1 bil lion over three
years is not in cluded above.33 A dif fer ent es -
ti mate sets costs at $120 to $150 mil lion per
year for two miti ga tion mis sions to ei ther
de stroy or de flect non- Earth im pact ing
NEOs over a 10- year pe riod.34 The United
States will per haps need an im pact scare to
push Con gress to ap prove a miti ga tion pro -
gram be cause any sys tem with the ca pa bil ity 
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Fig ure 12. Pro jected Cost for a Po ten tial Plane tary De fense Ef fort



to de flect or de stroy NEOs might be viewed
as a weapon.

The cost of the de tec tion mis sion also in -
cludes the in stal la tion of an in fra red sen sor
in the year 2003 to sup ple ment the op ti cal
sys tem. The ex plo ra tion costs are por trayed
as three dis tinct mis sions launched dur ing
the years 2002, 2007, and 2013. These mis -
sions could be eas ily slipped for ward or
back ward de pend ing on what is de tected and 
what NEO is of in ter est. The ren dezvous mis -
sions of 2008 and 2017 should be used to de -
velop the op era tions con cepts and pro ce dures
for a miti ga tion mis sion.

Summary

As sess ing the NEO threat would be a
small cost for in sur ance, whereas an im pact
would cost bil lions of lives and tril lions of
dol lars. While there is no rea son to fear
NEOs daily, there is a fi nite prob abil ity an -
other NEO will col lide with the Earth.

We have the tech nol ogy to track and pre -
dict NEO- Earth im pacts and the pos si bil ity of 
pre vent ing a cata strophic natu ral dis as ter.
Other spe cies are ex tinct be cause they could
not pro tect them selves. We must not be the
next. There fore, it is im pera tive that we use
our knowl edge and tech nol ogy to as sess the
NEO threat by ad dress ing the seven tasks and 
in vest in the de tec tion, ex plo ra tion and ren -
dez vous mis sions.  
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Fig ure 13. An Earth Im pact, a Natu ral Dis as ter We Can Avoid
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Noth ing in the world is more dan ger ous than sin cere ig no -
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